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2008年 4月~2009年 11月从厦门市妇幼保健院选取足月产完全母乳喂养 246
名，于其产后第 3 天、第 8 天、第 30 天~40 天、第 90~110 天分别采集 10mL 乳
汁，并用 24h 膳食回顾法记录乳母前一天的膳食。参照本实验室所测的厦门市部
分食物中唾液酸含量计算乳母膳食唾液酸的摄入量。2010 年 3 月至 6 月从厦门















全尿。采用荧光-高效液相色谱法(Fluorescence Detector-High Performance Liquid 
Chromatography, HPLC-FLD)和液相层析串联质谱法 (Liquid Chromatograph 







羟乙酰神经氨酸(N-glycolyl neµraminic acid, Neu5Gc)和 2-酮基-3-脱氧九酮糖酸
(2-keto-3-deoxy-nonulosonic acid, KDN)；第三是建立了液-质联用测定新生儿尿液
中唾液酸含量的内标检测法。 





1 个月成熟乳和三个月成熟乳中 KDN 含量分别为 39.01±3.14mg/L ，
31.46±2.96mg/L，13.37±3.36mg/L 和 8.16±0.63mg/L，总唾液酸含量 低的乳汁
中 KDN 的含量分别为 38.07±4.90mg/L，32.18±3.92mg/L，8.94±1.55mg/L 和
7.62±0.73mg/L；配方奶中 KDN 的含量为 93±39mg/g。乳母产后第 2 天、第 7 天、
第 30 天和第 90 天唾液酸平均摄入量分别为 124.94±3.77mg/d、127.21±3.80mg/d、
119.88±3.79mg/d 和 106.01±4.04mg/d，第 7 天唾液酸摄入量 高，随后下降，到
第 90 天左右大约下降了 16.7%。乳母产后第 2 天膳食唾液酸摄入量与其第 3 天
的乳汁中唾液酸量呈相关性(r=0.200，P=0.008)，其他时间未观察到具有相关性。
估计母乳喂养儿第 2~6 天、第 7~10 天、第 30~40 天和第 90~110 天摄入唾液酸
量分别为 261.54mg/kg.d，205.06mg/kg.d，100.90mg/kg.d 和 50.73mg/kg.d，人工
喂养儿摄入唾液酸量为 42.00mg/kg.d(用含 60%乳清蛋白的配方奶估算)。新生儿



















乳中检测到 N-乙酰神经氨酸(N-acetylneuraminic acids, Neu5AC)和 KDN，未检测


























Human milk is the natural food and optimal nutrients source for infants’ health and 
well-being. The unique nutrient composition and concentration of human milk make it 
more benefit for infants’ growth and development by breastfeeding compared with 
formula-feeding. Sialic acid (SA) is a natural nutrient in human milk, which is 
considered to be an important source of SA in infant body. SA may have significant 
influence on infants’ cognition and nervous system development. There are few 
reports of population cohort studies about SA improving children’s cognition ability 
and brain development at home and abroad. The basic of learning and memory is 
synaptic plasticity. SAs were thought to play an important role in the process of 
learning and memory due to their involvement in cell adhesion, migration and 
synapse formation. In recent years, more and more attention was paid to the important 
physiological role in brain development of infants. However, its lack of fundamental 
data of SA concentration and structure research in human milk and newborn’s urine in 
China at present, whereas the data plays important role in deeply studying the 
nutritional significance of SA. 
SAs are a family of 9-carbon sugar neuraminic acids as the basic structure of the 
derivatives. More than 50 naturally occurring derivatives of SA have been described. 
They are widely distributed in nature as terminal sugars on glycoproteins and lipid 
moieties in vivo cell membrane. In mammal, SAs are mainly in conjugated form 
occupying the cells surface and play important parts in lots of vital physiological 
processes. In humans, SA is the highest content of sialic acid, which may be related to 
the capacity of learnting and memory. Memory as a function of the nervous system, 
reflected in the degree of response to outside stimuli and the conduction velocity of 
nerve impulse. This information transmission and the transmission of nerve impulses 
to be achieved through the synapses showed that a stable synaptic connection is the 
structural basis of memory formation. And SA is the very nutrient that applied to the 
cell membrane and synapses of brain, which suggests SA is benefit for the nervous 
system and cognitive development. 
The contents of our study include: The difference of SA concentration and 
distribution between human milk and infant formulas; the correlation between dietary 















intake of different infant fed patterns was assessed, which can provide a scientific 
basis for the promotion of breastfeeding and increase SA content in infant formulas to 
make it more close to the gold standard of human milk. SA concentration in 
newborn’s urine was also determined. 
246 healthy lactating women were selected as our study subjects from Maternity 
and Children Health Hospital in Xiamen on April, 2008 to October, 2009. Milk 
(≈10mL) was collected on postpartum 3rd~6th day, 8th day, 30th day and 90th day, 
respectively. At the same time, lactating women’s dietary intake was assessed by 24h 
recall questionnaire. Dietary SA intake of lactating women was analyzed by trained 
researcher using the result of Chinese Common Food SA content determined by 
HPLC-FLD in our laboratory. 61 newborn was selected from Maternity and Children 
Health Hospital in Xiamen on Mar, 2010 to June, 2010, of which male: female is 54:7. 
Urine was collected as soon as their birth. Fluorescence Detector-High Performance 
Liquid Chromatography (HPLC-FLD) and Liquid Chromatography-Electrospray 
Tandem Mass Spectrometry (LC-MS/MS) were used to determine SA concentration 
in human milk, infant formulas and newborn urine. The correlation between dietary 
SA intake of lactating women and that in human milk secretion was analysed. 
The innovation of our research: An analytical method of 4, 5-Methylenedioxy-1, 2- 
phenylenediamine dihydrochloride (DMB) derivatization in HPLC-FLD was 
developed for quick and precise determination SA concentrations and distribution in 
human milk and infant formulas. More sensitive LC-MS/MS method with 13C3-SA as 
internal standard was taken to further confirm whether N-glycolylneµraminic acid 
(Neu5Gc) and 2-keto-3-deoxy-nonulosonic acid (KDN) exist in human milk or not. 
This method was also used to determine SA concentrations in newborns’ urine. The 
correlation of SA concentrations in human milk with that of dietary intake of lactating 
women was also analysed. Preliminary study was taken to explore the significance of 
SA concentration in urine. 
Results: Mean SA concentrations in colostrum, transition, mature (1 mo) and 
mature (3 mo) were 1593.00±35.60mg/L, 1249.00±48.06mg/L, 614.57±60.57mg/L 
and 308.97±80.60mg/L respectively, and decreased by nearly 81% over the next 3 mo. 
Most of SA in human milk was bound to free oligosaccharides (≈73%), whereas SA 
content in the formulas was about 1.69mg/g, most of which was bound to 
glycoproteins (≈61%). Mean KDN concentrations determined by LC-MS/MS in the 















milk were 39.01±3.14mg/L, 31.46±2.96mg/L, 13.37±3.36mg/L and 8.16±0.63mg/L 
respectively, while mean KDN concentrations in the first lowest concentration 
samples of colostrum, transition, 1mo mature and 3mo milk were 38.07±4.90mg/L, 
32.18±3.92mg/L, 8.94±1.55mg/L and 7.62±0.73mg/L. KDN content was about 
93±39mg/g in infant formula. Mean dietary SA intake of lactating women was 
120.68±4.35mg/d, 126.61±5.20mg/d, 110.34±6.52mg/d and 94.66±9.80mg/d on 
postpartum 2nd day, 7th day, 30th day and 90th day, respectively. SA intake was highest 
on postpartum 7th day, decreased by nearly 16.7% over the next 3 mo. The correlation 
between SA intake of lactating women on postpartum 2nd day and that of in their 
breast milk was observed (r=0.200，P=0.008), while the other lactation was not. 
Dietary SA intake assessment of breastfeeding infants were 261.54mg/kg.d，
205.06mg/kg.d，100.90mg/kg.d and 50.73mg/kg.d, respectively, while formula-fed 
infants were 42.00mg/kg.d (estimated from infant formulas containing 60% whey)  
Total SA concentration in infants’ urine was about 61.09±5.28mg/g creatinine. 
Conclusions: 1. SA concentration in human milk is much higher than that in infant 
formulas; SA concentration in mature milk of 3 month is about 3 times higher than the 
content in infant formulas. 2. SA in human colostrum was the highest in first three 
months, and drop dramatically during lactation. 3. Distribution of SA in human milk 
and infant formulas: Human milk is unique with regard to the rich in 
oligosaccharide-bound SA, which contrasts with the relatively small amounts 
observed in infant formulas. Most SA in infant formula was bound to protein. 4. 
N-acetylneuraminic acids (Neu5Ac) and KDN were found in human milk, Neu5Gc 
was not found, while Neu5Ac and KDN as well as small amounts of Neu5Gc were 
detected in infant formulas. Breastfeeding infants can gain more SA intake than that 
of formula-fed infants. As a result, formula-fed infants absorb extra Neu5Gc which 
may be bad for health. 5. The secretion of sialic acid in human milk was significantly 
higher than that dietary intake. 6. Dietary SA intake on 2nd day may influence the 
secretion of SA concentration in human milk of 3rd day.  
From the above conclusions we may speculate that SA may be as an essential 
nutrient for infant neurological development, which plays negligible role in infant’s 
memory and cognitive development. Dietary SA intake may increase the SA content 
in brain tissue, and promote the improvement of cognitive ability. High SA 
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